The effects of environmental factors on the stability of transmissible enteritis virus of turkeys were studied, using an assay system of poult inoculation. Viral infectivity persisted for less than 6 hr at 37 C in nutrient broth. Survival of virus was enhanced in the presence of cysteine and nicotinamide-adenine dinucleotide, and at pH 5.5. Survival was also enhanced in a growing culture of intestinal microflora and could be observed as well in a culture of Streptococcus [ecalis in medium with reduced oxygen tension. These results were compared with findings in experiments with several other intestinal viruses, and it is suggested that some intestinal viruses may be adapted to the conditions of low pH and redox potential that are normal in the intestine.
Transmissible enteritis of turkeys is a disease that occurs as explosive outbreaks in flocks. Affected birds show depression, enteritis, and loss of weight. Mortalities may be high. Recent studies indicate that this disease is caused by an enveloped virus that bears some morphologic similarities to the myxoviruses.! Although the disease has been studied for many years [1, 2] , it has not been possible to isolate the causative virus in cell cultures [2, 3] .
Because the virus is so difficult to grow in vitro, the effect of the environment on its stability was investigated in the hope of improving techniques of isolation.
Materials and Methods
Source of virus. The Minnesota strain [2] of transmissible enteritis (TE) virus was propagated in turkeys and used for the experiments. Turkey poults were inoculated perorally with infective intestinal contents and killed three days later. Intestinal contents were diluted with an equal volume of phosphate-buffered saline, clarified by centrifugation at 8,700 g for 10 min, and passed through a 0.3-flm membrane filter. The filtrate was shown to be free of bacteria and viruses cytopathogenic for turkey-embryo-kidney cells by methods described previously [2] .
Assay system. The only reliable assay for infectivity of TE virus is the development of clinical signs and loss of weight in challenged poults [2] . One-day-old poults were acquired from local hatcheries in which there was no history of infection due to TE virus; they were raised in isolation on antibiotic-free feed. Before oral challenge, poults were weighed in groups of four and placed in modified Horsfall-Bauer isolation units. Each poult was inoculated perorally with 0.5 ml of the material to be tested. Because of the cumbrous assay system, dilutions of inoculum were not titrated, except in experiments using the survival medium described below.
After inoculation, consumption of feed and water was observed for three to five days, and the birds were then killed and weighed. Infection with TE virus was determined on the basis of failure to gain weight, coupled with clinical signs of anorexia, depression, and reduced body temperature. All experiments were repeated to ensure validity.
Survival medium. The basal medium used in experiments on viral survival consisted of mycoplasma medium [4] containing 100 mg of nicotinamide-adenine dinucleotide/liter, 100 mg of Virus survived overnight in the survival medium described above only when cysteine and nicotinamide-adenine dinucleotide were present. Furthermore, it was necessary for the pH of the medium to be near 5.5 ( figure 2B) .
Effect of other modifications. Other substances added to the survival medium in the hope of enhancing stability of the virus included 1 mg of catalase/rnl, 2.5 mg of maltosez'ml, 5 flg of sodium deoxycholate/rnl, 30flg of menadione/ ml, 8 mg of arginine/ml, and 5 % of a filtrate of feces from uninfected poults. None of these additives substantially enhanced persistence of infectivity.
Sera from turkeys, rabbits, or swine at a concentration of 5 % allowed optimal persistence of infectivity. Concentrations of serum of 10% or more inhibited survival of the virus, and omission of serum also prevented overnight survival.
Effect of intestinal microfiora. A 10-ml volume of tryptose-phosphate broth was inoculated with a loopful of unfiltered intestinal contents from a bird infected with TE virus. After overnight incubation at 37 C, the broth contained a luxuriant growth of gram-positive and gramnegative bacteria, which when inoculated into poults caused clinical signs of infection with TE. Similar results were obtained if the broth contained 0.075% thallium acetate, except that in this case, only streptococci grew in the broth.
Three streptococcal colonies, differing in hemolytic pattern, were isolated from the intestine of an uninfected turkey poult. Broth cultures were prepared, and three 10-ml volumes of tryptosephosphate broth were inoculated with 0.1 ml of the respective streptococcal cultures. Two hours later, each tube was inoculated with 0.3 ml of infective intestinal filtrate. After incubation overnight at 37 C, only one of the tubes was capable of causing infection with TE in susceptible poults ( figure 2C ). The Streptococcus used in this tube was identified as Streptococcus [ecalis. Compared with the streptococci used in the noninfectious tubes, the S. [ecalis reduced tetrazolium more rapidly during growth and produced a more acidic medium. The final pH in spent medium from S. [ecalis was 5.9, compared with 6.2 for the other two streptococci.
Infectivity was better maintained if the broth medium was boiled and allowed to cool imme- <.> 0 cysteine/liter, and 5 % heat-inactivated rabbit serum. Acetic acid was added to adjust the pH of the medium 5.5. A 10-ml volume of this medium was inoculated with 0.3 ml of infective intestinal filtrate for studies of survival of infectivity, and the culture was incubated overnight before inoculation into poults. Since this was further diluted 1: 100 before inoculation of the poults, the final dilution of original material was 10-3 • Rate of viral inactivation at 37 C. A 2-ml volume of undiluted intestinal filtrate was incubated at 37 C and assayed at different times for infectivity. In various experiments, infectivity generally vanished within 6 hr (figure 1), although it once persisted for 8 hr. Similar results were obtained with intestinal filtrate diluted 1: 30 in nutrient broth.
Effect of pH and redox potential. Considerable experimentation was required to arrive at the survival medium described above. Modifications were made in order to develop a suspending medium that would allow infectivity to survive for 18-24 hr (overnight) at 37 C. [ecalis were isolated from TE-infective filtrate, but none of the bacteriophages caused clinical signs when administered to poults.
Discussion
In experiments concurrent with this work, the average titer of TE virus in an intestinal filtrate was 10 4 turkey-infective doses/nil [2] . In experiments using the survival medium, intestinal filtrate had a final dilution of 10-3 , after incubation overnight before inoculation into poults. Thus in the survival medium, the virus lost less than 1 log of activity after 18 hr at 37 C, compared with a loss of 4 logs of activity after 6 hr in a neutral medium.
It was believed that S. iecalis and the general intestinal microflora acted by lowering the pH and redox potential of the medium, causing conditions similar to those in the survival medium. The removal of oxygen by boiling aided this action.
Similar experiments have been carried out using the virus of hemorrhagic enteritis of turkeys [5] , which differs from the TE virus [6] . It was found that survival of the hemorrhagic enteritis virus was also enhanced in the presence of a growing culture of S. [ecalis. Other workers have observed a stabilization of poliovirus by cysteine or cystine [7] [8] [9] [10] , by lowered pH [8] , and by the removal of oxygen [8, 9] . Reducing agents have stabilized an ECHO virus and a Coxsackie B virus, as well as poliovirus [8] . Thus, there are at least five viruses of the intestinal tract that have shown enhanced stability at lowered redox potential, lowered pH, or both.
In contrast to their effect on enteric viruses, reducing agents decreased the stability of vaccinia virus, Newcastle disease virus, and three arboviruses [11] . It was suggested that the presence of a viral envelope might be correlated with lability to reducing agents. It has been shown, however, that TE virus is enveloped [2] and that it is stabilized by reducing agents. Thus, the presence of a lipid coat does not determine sensitivity to lowered redox potential. It is possible that viruses that normally inhabit the intestinal tract, a site of low redox potential, have become adapted to their habitat.
On the other hand, the characteristic of stabilization by low redox potential may not be limited solely to enteric viruses. Zinsser et al. [12] have suggested that an encephalitic strain of herpesvirus may be stabilized by reducing agents.
It has been suggested that viral enteritis is common in man [13] , but there is difficulty in associating known viruses with the diseases observed [14] . Several syndromes have been described in which the causative agents cannot be grown outside the natural host, man [15, 16] . In this, they resemble transmissible enteritis of turkeys. The possibility that these viruses may have some sensitivity to oxygen, as has been demonstrated for all intestinal viruses so far examined, has implications for efforts aimed at viral isolation.
